An efficient method for preconcentration of trace amounts of Mn (II) and Ni (II) ions by using a minicolumn (10 mm × 30 mm i.d.) �lled with a diimine derivative Schiff base on silica-gel has been reported. e retained analytes on the column were recovered with 5 mL of mixture of nitric acid 5 mol L −1 and methanol (1 : 1) and were determined by a �ame atomic absorption spectrometer. Different factors including pH of sample solution, sample volume, amount of sorbent, eluent volume, and interference of other ions have been studied and the optimized conditions developed were utilized for the trace determination of Mn (II) and Ni (II) in natural water samples. e recoveries for the analytes under the optimum working conditions were higher than 98%. e relative standard deviations of the determinations (10 replicate analyses) at 25 g L −1 of Mn (II) and Ni (II) were 2.5% and 2.3%, respectively. e limit of the detection (3s, 1 for analytes were found to be 0.20 g L −1 for Mn (II) and 0.15 g L −1 for Ni (II). e proposed method was applied to the analysis of natural water samples with satisfactory results.
Introduction
e importance of the determination of trace metal concentration in natural water samples is increasing in contamination monitoring studies. Flame atomic absorption spectrometry (FAAS) is a simple and well available technique for the determination of heavy metals in the natural water samples. However its main problem is the low sensitivity for trace metals at g L −1 level. is limitation can be overcome by the use of a preconcentration procedure [1] . Among different preconcentration and/or separation techniques, solid phase extraction (SPE) using batch, and column techniques in which compounds, elements, or species of elements interested with are retained by sorption on different solid-phases and eluted with acids or other reagents which have been widely used [2, 3] . e application of solid phase extraction technique for preconcentration of trace metals from different samples results in several advantages such as the minimal waste generation, reduction of sample matrix effects and sorption of the target species on the solid surface in a more stable chemical form [4] . e normal and selective solid phase extractors are those derived from the immobilization of the organic compounds on the surface of solid supports. Naphthalene [5] , XAD-2 [6] , polyurethane foams [7] , XAD-4 resin [2] , silica-gel, alumina, magnesia, and zirconia are the major solid matrixes that have been used to immobilize the target organic modi�ers on their surfaces [8] . Silicagel is the most widely used solid support due to the welldocumented thermal, chemical, and mechanical stability properties compared to other organic and inorganic solid supports [9] . e surface of silica-gel is characterized by the presence of silanol groups, which are known as weak ion exchangers, causing low interaction, binding, and extraction of the target analytes [10] . For this reason, modi�cation of the silica-gel surface with certain functional groups has successfully been employed to produce the solid phase with certain selectivity characters [11] .
Two approaches are known for loading the surface of solid phases with certain organic compounds and these are de�ned as the chemical immobilization which is based on chemical bond formation between the silica-gel surface groups and those of the organic modi�er, and the other approach is known as the physical adsorption in which direct adsorption of the organic modi�er with the active silanol groups takes place [8] .
In this paper we report the synthesis of a diimine derivative Schiff base and its use as modi�er for solid phase extraction of Ni (II) and Mn (II) from water samples. To the best of our knowledge, silica-gel minicolumn modi�ed by diimine derivative Schiff base has not been employed previously for selective separation and preconcentration of Ni (II) and Mn (II) from natural water samples. 
Experimental

Synthesis of Bis-(2-Hydroxyacetophenone)-2,2-Dimethyl-1,3-Propane Diimine (Diimine Derivative Schiff Base).
2-hydroxyacetophenone (0.02 mol, 2.72 g) was mixed with 150 mL of distilled ethanol in a 500 mL round bottom �ask, which was stirred using a magnetic stirrer. 2,2-Dimethyl-1,3-propanediamine (0.01 mol, 1.02 g) dissolved in 25 mL of distilled ethanol was added drop by drop using a dropping funnel to the above solution. e contents were re�uxed for 2 h to get a yellow solid precipitate of Schiff base ligand, which was cooled, �ltered, washed with petroleum ether, and dried. e ligand was then recrystallised from ethanol [12] . 
Apparatus.
A metrohm 713 pH meter was used for measuring the pH of the solutions. Metal determinations were performed using a �erkin-�lmer Model 3110 �ame atomic absorption spectrometer. All measurements were carried out in air�acetylene �ame. e operating parameters for elements were set as recommended by the manufacturer. A Jenway 1002 stirrer was used for stirring the solutions.
Preparation of Silica-Gel Loaded a Diimine Derivative
Schiff Base. A 5 g portion of silica-gel was added to 11 mL of 10 −2 mol L −1 diimine derivative Schiff base in acetone.
e mixture was vigorously stirred at room temperature to complete the solvent evaporation (approximately 30 min). e solid mass was homogenized in a mortar and stored in amber glass �asks.
Column Preparation.
A minicolumn (10 mm × 30 mm i.d.) with a glass wool over its stopcock was used as a minicolumn for the study. A total of 0.5 g diimine derivative Schiff base-coated silica-gel was placed into the column. A small amount of glass wool was placed on top to avoid disturbance of the adsorbent during the sample passage. e column was preconditioned by the blank solution having same pH with the sample solution prior to use.
Recommended Procedure.
A given volume of aqueous sample up to 1000 mL containing Mn (II) and Ni (II) ions, aer adjustment to pH = 4, was loaded into the diimine derivative Schiff base-coated silica-gel minicolumn at a �ow rate of 5 mL min −1 . en, the adsorbed metal was eluted with 5 mL of mixture of 5 mol L −1 nitric acid and methanol (1 : 1) at an elution rate of 2 mL min −1 . e Ni (II) and Mn (II) ions concentration in eluate were determined by FAAS.
Results and Discussion
In order to obtain a high recovery, the effect of different parameters, in�uencing the complex formation and the extraction conditions, were optimized. ese parameters were pH of sample solution, sample volume, and �ow rate, amount of sorbent, eluent type, volume and �ow rate, and interference of various ions. A volume of 200 mL of water samples was used for the optimization of parameters. Finally, these optimal conditions were applied to extract and detect Mn (II) and Ni (II) in the natural water samples.
Effect of pH.
e effect of the pH of the sample solutions on adsorption of Mn and Ni was evaluated by adjusting the pH in a range of 1-12 with HCl or NaOH solution. Figure 1 shows the effect of pH on the recovery of the studied metal ions. As can be seen, the extraction recovery of Ni and Mn complexes increases up to pH = 3, and then remains constant in the pH range 3-5. e Competition between protons and nickel ions could explain the weak recovery in acid medium. erefore, the working pH was chosen as 4 for the following experiments.
Effect of Sample Flow Rate.
Since the retention of elements on the sorbent depends on the �ow rate of the metal solutions, the in�uence of �ow rate for sample solutions on the retention of the trace metals was investigated over the range 1-15 mL min −1 under the optimum conditions. As can be seen in Figure 2 , the recovery begins to decrease with an increase in the �ow rate when that is greater than 7 mL min −1 .
erefore, �ow rate of the sample was chosen as 5 mL min 
Effect of Elution
Conditions. e eluent type, volume, and the �ow rate could affect the efficiency of the elution heavily.
To obtain quantitative recovery, the effect of eluent type and volume on preconcentration was investigated using various eluting solutions. e results are shown in Table 1 . e results show that 5 mL mixture of nitric acid 5 mol L −1 and methanol (1 : 1) was sufficient for complete elution. e effect of eluent �ow rate on recovery was investigated in the range of 0.5-5 mL min recoveries could be obtained with elution �ow rate up to 2 mL min −1 . us, the elution �ow rate of 2 mL min −1 was used in the following experiments.
Effect of Amount of Ligand and Silica-Gel.
In order to determine the concentration of diimine derivative Schiff base required for quantitative recoveries of investigated metal ions, the amount of diimine derivative Schiff base (ligand) was investigated in the range of 1-10 mg g −1 (milligram of diimine derivative Schiff base per gram of silica-gel). Firstly, some works were carried out without ligands at optimum pH 4 and it was observed that the Mn (II) and Ni (II) ions were not quantitatively recovered in the absence of ligands. ere-fore, the studies were performed with the various amounts of diimine derivative Schiff base and results are presented in Figure 3 . It can be seen that the recoveries of the metal ions increased with increasing concentration of diimine derivative Schiff base added and reached a constant value with at least 4 mg g −1 . On this basis, 5 mg g −1 of diimine derivative Schiff base was chosen to account for other extractable species that might potentially interfere with the assaying of metal ions.
Capacity of the Sorbent.
In order to study the adsorptive capacities of modi�ed sorbent for Ni (II) and Mn (II) batch method were used. 100 mL of solution containing 20 mg of Ni (II) and Mn (II) was added to 0.5 g diimine derivative Schiff base-coated silica-gel, at pH = 4. Aer shaking for 1 h, the mixture was �ltered. e supernatant solution was diluted and determined by �ame atomic absorption spectrometry. e capacity of sorbent was found 0.82 mg g −1 for Mn (II) and 0.87 mg g −1 for Ni (II). minicolumn, packed with a diimine derivative Schiff basecoated silica-gel on the recovery of Mn (II) and Ni (II) was examined ( Table 2) . No decline in the recovery of Mn (II) and Ni (II) was observed up to a volume of 1000 mL, the maximum tested in these experiments. In the present work, as the elution volume is 5 mL the preconcentration factor is obtained up to 200.
Effect of Volume of Sample Solution. e effects of changes in the volume of sample solution passed through the
Interferences Effects.
Preconcentration procedures for trace metals can be strongly affected by the matrix constituents of the samples. For this reason, the reliability of the proposed method was examined in the presence of possible matrix ions of the natural water samples. e tolerance of coexisting ions, de�ned as the largest amount yielding a change of less than 5% in the adsorption efficiency of 25 g L −1 of Mn (II) and Ni (II), are given in Table 3 . 
Comparison of the Proposed SPE Method with Other SPE Methods.
A comparison of the proposed SPE method with other SPE methods for the manganese and nickel extraction and determination from water samples is given in Table 5 .
In comparison with other reported methods, the proposed method has low LOD and good preconcentration factor. e method developed in this work is proposed as a suitable alternative to more expensive instruments for manganese and nickel determination at trace levels. is methodology is a reproducible, simple and low-cost technique, and does not require further instrumentation. ese characteristics are of great interest for the routine laboratories in the trace analysis of metal ions.
Conclusion
e work described in this paper shows the feasibility of the preconcentration of Mn (II) and Ni (II) species by the use of silica-gel minicolumn modi�ed with diimine derivative Schiff base. e modi�ed minicolumns are easy to prepare and the analyte are quickly adsorbed. A large volume of water sample (1000 mL) can be processed without break through and the preconcentrated metal ions can be easily desorbed with 5 mL of mixture of nitric acid 5 mol L −1 and methanol (1 : 1), resulting in a high-concentration factor (200 fold). e presented method can be easily applied for the preconcentration of Ni (II) and Mn (II) in natural water samples.
